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POSTCENTRAL AND PRECENTRAL CORTICAL LESIONS RESULTING IN
CONTRALATERAL SKIN TEMPERATURE DISTURBANCES. THE PROBABLE
NEUROPHYSIOLOGICAL ROUTES INVOLVEDtt
In a series of animals being studied for motor performance after parietal
area ablations (earlier communications2 with Dr. M. A. Kennard) skin
temperature readings were taken from the extremities with the intention of
studying these preparations further. Significant, sometimes wide, differ-
ences in skin temperature were obtained in these parietal preparations. It
was decided, therefore, to explore by the method of extirpation the various
regions of the cerebral cortex for their effects on skin temperature
regulation.
MATERIAL AND METHOD
The subjects from which experimental data were obtained were 15 immature
monkeys (13 M. mulatta and 2 mangabeys (Cercocebus torquatus Atys). These ani-
mals were studied for skin temperature differences over a course of from ten days to
eight months. In 25 operations on these animals, various areas of the precentral and
postcentral cortex were removed. The ablations were according to the known outline
of Brodmann's areas. The extent of the various operations is described below with
the experimental observations.
Temperature readings were obtained from symmetrical points on the soles of the
feet by use of the automatically recording Micromax thermocouple instrument. The
third lead was taken from the rectum. Environmental temperature was recorded peri-
odically by the experimenter. During observations the animal was kept on its back in
a holding box which permitted free movement of the lower extremities. Environmental
humidity was found not to influence the data sufficiently to be given consideration. For
eliciting vasomotor reflexes, the environmental temperature was suddenly altered by
transporting the animal into a refrigerated room (temperature 390 F.). After varying
times of such exposure the animnal was returned to a warm environment. Skin tempera-
ture was continuously recorded. In wintertime similar effects could be produced by
exposing animals to outdoor temperatures.
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OBSERVATIONS
A. ILLUSTRATIVE TOTAL EXPERIMENTS
Experimiient 1. Ablation of left areas 1-2 follow-ed by right areas 1-2.
After left ablation, the right extremities showed markedly lowered tempera-
ture; after right ablation, temperature of left extremities becamiie lower than
right.
First operationt: left postceentral gyrnts (Oct. 13, 1938), P. C. VII, Tattoo 1068.
Areas 1 and 2 were removed, care being taken not to injure any portion of area 4.
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GRAPH 1. GRAPH 2.
GRAPH 1. Postcentral VII, No. 1068. Left postcentral gyrus ablation followed by
right. Heavy baseline gives a calibration of 10 F. It everywhere represents the tempera-
ture of the right lower extremity with relation to the left (thin black line). Length of
black line represents period of study. Solid black areas oni cortical maps represent
areas ablated.
GRAPH 2. Postcentral VI, No. 1034. Left parietal area ablation followed by right
posterior parietal area. Note transient effect of second smaller ablation.
There was rapid recovery from the operation. Hand preference was for the left hand,
but rhythmic movements of progression were performed well by both sets of extrem-
ities. During skin temperature readings there was about the same amount of motor
activity in each extremity. The right lower extremity showed persistently a lower
skin temperature than the left. On one occasion an 110 F. difference was obtained
(see graph 1).
Seconid operatioit: right postcentral gymris (Dec. 5, 1938). Areas 1 and 2 were
removed as in first operation. Recovery was rapid with very little postural defect.
After this operation the left extremity nox had a lower temperature than the right,
the largest difference recorded being 6.50 F.
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The data on this animal show definitely that ablation of a relatively small
area of the postcentral cortex can produce a profound effect on the skin
temperature of the opposite extremities. It also demonstrates that the acute
effect after an ablation is greater than that exerted long after an ablation.
The bilateral lesions being anatomically equivalent, one would otherwise
expect no difference or at best a slight difference in skin temperature after
the second operation.
Experiment 2. Ablation of left areas 1-2-5-7 followed by right areas 5-7.
After first operation right extremities were constantly lower in temperature
than left. After second operation, transient lowering of skin temperature of
left extremities was followed by resumption of previous status.
First operation: left parietal lobe (Oct. 12, 1938), P.C. VI, Tattoo 1034. Ablation of
left areas 1,2,5,7, care being taken not to approach the region of area 4. Static postural
defect postoperatively; practically no motor defect during automatic progression.
Right extremity had a persistently lowered skin temperature as compared to the left,
the largest recorded disparity being 60 F.
Second operation: ablation right areas 5 and 7 (Dec. 2, 1938). In this operation the
posterior parietal region was removed. No injury could possibly be sustained by the
motor region. The animal showed transient preference for the right extremities and
then resumed preference for the left limbs. For nine days postoperatively the left
extremities had a lower skin temperature than the right (max. difference, 8° F.).
Thereafter, the right again showed a lower temperature as compared to the left (see
graph 2).
This experiment substantiates the data of Experiment 1 and tends to
indicate one other factor. If the bilateral parietal lesions are unequal in
extent, in the chronic state the extremities opposite the larger lesions will
have the lower temperature. It seems significant that a region of the cortex
as posteriorly placed as areas 5 and 7 can exert a considerable though
transient effect upon limb temperature.
Experiment 3. Ablation of left areas 6 and 8 followed by right areas 1,
2, 5, 7. After first operation right extremities were slightly lower in
temperature than left but not constantly so. After second operation left
extremities were considerably lower in temperature than right.
First operation: left areas 6 and 8 (Oct. 19, 1938), P.C. VIII, Tattoo 1073. Ablation
of left areas 6 and 8. Transient deviation of eyes to side of lesion. Definite right hemi-
paresis which gradually became less marked. On half the tests the right extremity had
a lower temperature than the left; largest difference, 30 F. On the other readings the
temperature was equal in both extremities (graph 3).
Second operation: right parietal area (Dec. 7, 1938). Ablation of right areas 1,2,5,7.
Transient faulty use of left extremities even in automatic progression. Left lower
extremity showed a markedly lowered skin temperature as compared to the right. The
maximum difference recorded was 80 F.
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This experiment shows that a parietal ablation may have a greater effect
upon the contralateral skin temperature than an ablation of area 6. Of
course the ablation in the parietal area was larger than that in the premotor
area, and this factor of amount of cortex remiioved may be the significant
thing rather than the specific location of that area (graph 3).
Experinent 4. Ablation of left occipital lobe followed by left areas 6
through 12. There was a transient lowering of skin temperature of right
extremities with potentiation of the effect after second operation.
First operation: left occipital lobe (Oct. 28, 1938), P.C. IX, Tattoo 1052. Extirpa-
tion of left occipital lobe with some sparing of the medial aspect of the occipital region.
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GRAPH 3. GRAPH 4.
GRAPH 3. Postcentral VIII, No. 1073. Left premotor area ablatioln followed by right
parietal area. Note that the larger parietal ablation produces greater temperature
differences than the smaller premotor ablation.
GRAPH 4. Postcentral IX, No. 1052. Left occipital lobectomy followed by removal of
ipsilateral fronital lobe (see text).
Right incomplete hemianopsia which disappeared. Transienit lowerilng of skin tempera-
ture of the right lower extremity; maximum difference, 50 F. (see graph 4).
Seconid opcr(otiont: left areas 6 throtugh 12 (Nov. 28, 1938). Extirpation of left
frontal lobe aniterior to area 4 carried out. Rhythmic progressioln carried out lnormally.
Marked difference now between skin temperature of extremities, right lower than left;
maximum difference 90 F. (graph 4).
This experiment shows that an area as renmote from the frontal region as
the occipital lobe exerts an effect upon skin temperature. An additional
ipsilateral extirpation increases the depression of skin temperature in the
contralateral extremity.
Eperiunent 5. Left-sided section of transcortical U-fibers between pre-
ancd postcentral gyri was followed by ablation of left parietal region. First
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operation was followed by lowering of skin temiiperature of right extrem-
ities. Second operation increased difference of skin temiiperatures.
First operationt: sectiont of U-fibers between pre- antd postcentral gyri (June 14,
1938), P.C. IV, Tattoo 1032. Central sulcus opened to its depth. All white matter
under the depths of sulcus bisected for 8 mm. Moderate right hemiparesis which after
two months was almost not demonstrable. Constant lowering of skin temperature of
right lower extremity as compared to left over a period just short of six months;
maximum difference, 60 F. (see graph 5).
OUT THROUGH L 3 )L 3,1,2,,7
GRAPH 5. Postcentral IV, No. 1032. Cut through posterior lip of central sulcus;
later parietal area ablation. Note prolonged effect oni skin temperature differences by
merely cutting of U fibers.
Seconid operationt: remnoval of left parietal regiont (Dec. 9, 1938). Extirpation of left
areas 3,1,2,5,7 behind the previous transcortical cut. Disinclination to use right extrem-
ities volitionally but automatic movements were well carried out. Increase in the dis-
parity of skin temperatures already present between right and left extremities;
maximum difference 120 F. (graph 5).
Here again the parietal ablation was performed without injury to the
motor cortex as the previous operations had definitely separated the two
regions of the cortex. Yet a maxiimial difference in temperature between the
two extremities was obtained. The constancy of the effect upon skin
teimiperature over a period of six months is noteworthy.
Experimtent 6. Ablation of left area 6A (2 animals) and left areas 9
through 12 (2 animnals) with subsequent study of skin temperature differ-
ences in the extremities for ten days. Both types of ablation lowered
temperature in contralateral extremity equivalently.
Ablatioit of left area 6A4 (2 animials), (T.C. Nos. 7, 4, 6, 12). Extirpation of left
area 6A, hand and foot area. Recovery from operation with little paresis. Right lower
extremity persistently lower in skin temperature than left for the period of study (10
days) ; the maximum difference was 12° F. (see graph 6).
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Removal of prefrontal areas, (9-12), (2 animals). The entire region of the frontal
lobe anterior to area 6 was removed. Little if any paralysis was noted. Right lower
extremity recorded as lower in skin temperature than left; the maximum difference
recorded was 130 F.
These experiments show that areas as inert from a motor or sensory
standpoint as the frontal poles still exert an effect upon skin temperature
regulation of the opposite extrem-
L6A L9-12 ities. These regions of the cortex
e0I <may be endowed with vasomotor
neurones.
Experiment 7. Ablations seriatim
of left areas 3,1,2; right areas 3,1,2;
, left areas 5,7, and portions of 18;
and right areas 5 and 7. Each ex-
I -t1 ,,>>> tirpation of cortex had the effect of
. 1') ~ at least lowering the skin tempera-
ture of the contralateral extremity
transiently. Whenever lesions were
.. 1 / 0unequal in extent, side opposite
o-- larger lesion had lower skin tem-
0YS . 1 7 3 t S t perature.
AREAS - L 6A First operation: left postcentral gyrus
ABLATED L 9-X 2 (April 22, 1938), P.C. I, Tattoo 972. Ex-
_. L 9-12 tirpation of left areas 3, 1, 2. Practically
no motor defect in rhythmic progression.
in extremities noted after premotor and Skin temperature of right lower extrem-
frontal pole ablations. ity persistently lower than left; maximum
difference 100 F. (see graph 7).
Second operation: right postcentral gyrus (May 18, 1938). Extirpation of right
areas 3,1,2. Little motor effect on rhythmic progression. Skilled acts poorly performed.
Skin temperature of left lower extremity transiently lower than right with tendency to
equal that of right extremity in the chronic stage; maximum difference, 5.50 F.
Third operation: extirpation of left posterior parietal region (July 7, 1938).
Extirpation of areas 5, 7, and parts of 18 and 19 behind the previous ablation. Auto-
matic progression still without major difficulty. Skin temperature of right lower
extremity persistently lower over many months than left, but maximum difference is
less marked (3.50 F.).
Fourth operation: extirpation of right posterior parietal region (Nov. 16, 1938).
Extirpation of right areas 5 and 7 behind previous ablation. Insecurity in use of all
extremities postoperatively. Skin temperatures transiently equal in both lower extrem-
ities; then the right became lower than the left.
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In a series of seriatim ablations, the effects registered on skin temperature
followed expectations in each case. After equivalent bilateral extirpations,
the temperatures became approximately equal. After completion of all four
operations, the amount of cortex ablated on the left side was found to be
greater than on the right. As a result the right extremities bec-ame lower in
temperature than the left.
L',5A R3. ,2. L 5,7 Ra.?
GRAPH 7. Seriatim ablations of each postcentral gyrus followed by each posterior
parietal area (see text).
Experiment (Y. Simple craniotomy flap. Exposure of premotor, motor,
and parietal cortex for 15 minutes. Usual closure. Skin temperature equal
bilaterally following procedure.
Operation: left fronto-parietal craniotomy flap (Nov. 14, 1938), P.C. XI, Tattoo
1113. Usual procedure in laying down craniotomy flap. Premotor, motor, and parietal
cortex exposed for 15 minutes. Dura sutured and flap replaced as usual. No difference
in skin temperature between extremities postoperatively.
This experiment is a control to show that it is not operative trauma to
the premotor cortex or any other cortex which yields skin temperature
differences after cortical ablations other than area 6.
B. OBSERVATIONS DERIVED FROM THE EXPERIMENTAL RECORD
Certain temperature records were illustrative of points which require
mention and interpretation. Record 1 shows that apparently waves of vaso-
dilatation are sent forth periodically from a temperature regulatory center
357YALE JOURNAL OF BIOLOGY AND MEDICINE
in adaptation to the organism's heat dissipatory needs. (The needs may be
stated to be due to a steadily rising body temperature.) These vasodilatory
sendings may be directly centrifugal from the so-called thermostat in the
hypothalamus to the spinal sympathetic centers, or may be mediated via the
cortex for lateralizing effect.
Key Rectal 9*14t44+t4
Right Sole
Ieft Sole
Room Temp. 80°F.
RECORD 1. Temperature in both extremities approximately equivalent. Environmental
temperature constant at 800. Both extremities simultaneously experience waves of
increase in skin temperature. Periodicity between 15 and 25 minutes. Rectal tempera-
ture steadily rising.
ENfIROAL TEMP. 730 ISIjA TEe. 88°
Rectal
XEY Right Sole
Left Sole
RECORD 2. Temperature recording in animal probably with edema of entire left
hemisphere. This followed retraction on the occipital lobe for mid-line exposure. Ani-
mal transiently hemiparetic, dull, and apparently suffering headache. Gradually increas-
ing environmental temperature. Practically no effect on right extremity for 1Y2 hours.
Immediate maximal vasodilatory effect on normal left extremity with additional waves
as extremity tended to cool. Rectal temperature remained constant. Slow warming of
right extremity without waves. Maximum difference in skin temperature 170 F.
(Anterior cerebellar series)
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In order to maintain body temperature constant the thermostat sends out
nervous waves intended to produce vasodilatation in both sets of extrem-
ities. Because these waves are probably mediated through the hemnispheres,
the animal of record 2 showed an effect of vasodilatation on the normal left
extremities only. The left hemisphere in this case
tionless. Thus, the vessels in the left extrem-
ities had to be kept persistently dilated for
maintenance of normal body temperature. The
normal right cerebral hemisphere could trans-
mit the impulses from the thermostat to the
left extremities whereas the left hemisphere
could not. It would seem therefore that the
hypothalamic thermostatic center must send
its centrifugal fibers upward to the cerebral
cortex for lateralization before they reach the
spinal autonomic centers.
Record 3 shows that while the temperature
of the two extremities is maintained at a sh
steady difference due to unequal cortical sup- up
ply, a peripherally acting vasodilator can tu
render the skin temperatures equivalent. va
the
Record 4 illustrates a vasodilatory reflex bo,
which becomes defective on one side when sel
oue there is an unequal cortical sympathetic sup-
was almost totally func-
76° Room TenP.
ti i- i 0+ i i IC
.75 mg. Beta Hethyl
Acetyl-Choline
Ktey
Rectal ^14 Right Sole
Left Sole
RECORD 3. Section of record
iowing effect of mecholyl
pon a pre-existing difference
skin temperature. Tempera-
ire of both extremities ele-
ted and now the left equals
e right. Note lowering of
dy temperature as skin ves-
Is dilate maximally through-
it the body.
ply from the hemispheres. Kennard' has described this finding in a previous
paper.
DISCUSSION
For a number of sound reasons physiologists have postulated a thermo-
static center in the central nervous system. The probable location of this
center in the hypothalamus- has been deduced from copious experimental
data."4'5 For maintenance of heat dissipation, this thermostatic center peri-
odically sends centrifugal nerve impulses to the spinal autonomic centers
which result in peripheral vasodilatation. The waves of vasodilatation noted
in the experimental record probably represent these periodic discharges.
Ablation of almost any region of the cerebral cortex seems to block these
vasodilatory messages to the extremities opposite the side of the lesion. In
the case of a totally functionless cerebral hemisphere (record 2) the waves
of vasodilatation are not seen in the paralytic extremity while the tempera-
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ture of the normal extremity is maintained at almost a maximal level.
Lesser disturbances in function in the cerebral cortex (record 4) result in
depression of the skin temperatures of the opposite extremities. From these
extremities waves of vasodilatation may be recorded but they are usually
more shallow and less frequent in occurrence than in the normal extremity.
That vasodilatation in the affected extremities is not complete is deduced
from record 3. Here a peripherally acting vasodilator renders the skin
temperature of opposite extremities equal immediately. It seems logical,
therefore, to draw the conclusion that vasodilatory impulses, if they arise
17no ,1 3 BNIOMNAL TEPEATURB
Rectal ii+ii444
KEr Right Sole -
Left Sole
RECORD 4. Record taken following ablation in left hemisphere. Temperatures start
out equivalently until environmental temperature is elevated. Left extremity takes on
a higher temperature than right. Environmental temperature is sharply lowered; then
elevated. There is a reinforcement of the difference.
from the thermostatic center, have synapse with cortical sympathetic
neurones whence the impulses are invested with a specific lateralization.
The records obtained in this series and in Kennard's earlier work indicate
that vasoconstriction is equivalent in symmetrical extremities whatever the
difference in skin temperature might have been previously. Vasoconstriction
comes on rapidly, and a maximal state is quickly attained. The thermostatic
center can probably send forth impulses for vasoconstriction. However, the
experimental data herein presented indicate that the route of this impulse is
certainly not via the cerebral cortex. Indeed, it would seem that the response
of vasoconstriction to lowering the environmental temperature is merely
over a spinal reflex arc. Cortical ablation would thus exert very little
influence over the vasoconstrictive reflex.
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Another theory of the mechanism of vasomotor regulation in the
extremities is possible on the basis of the experimental data. Vasodilatation
may occur as the result of a complex reflex arc, arising within the extrem-
ities and making use of cortical neurones in the opposite cerebral hemi-
sphere. This latter point is postulated because cortical ablations disturb the
reflex. In this reflex arc, the thermostatic center may or may not be a way
station. Elevation in environmental temperature with relation to the limbs
would be the adequate stimulus for the reflex. The waves of vasodilatation
indicate that there is a periodic initiation of the reflex. This suggests that
after one reflex discharge a certain increment of environmental temperature
must accumulate before the reflex is again precipitated. Such a vasodilatory
system would be in tonic antagonism with the vasoconstrictive reflex sys-
tem. Impaired effectiveness of the former (cortical ablation) would result
in peripheral vasoconstriction and a colder extremity. This theory is amen-
able to further experimental elucidation.
SUMMARY
The results of the experiments performed may be summarized in the
following manner:
1. Ablation of area 1, areas 2 and 5, areas 7, 17, and 6, or areas 9
through 12 yields an effect upon the skin temperature of the contralateral
extremity which in this series has always been in the direction of lowering
as compared to the normal extremity.
2. The effect persists for months.
3. If equivalent lesions in each hemisphere are made seriatim, the
extremity opposite the latest ablation will have the lower temperature.
4. If unequal lesions in each hemisphere are made seriatim, there will be
the transient effect of the latest operation followed by resumption of a state
where the lower skin temperature is on the side opposite the larger ablation.
5. Parietal ablations seem to be as significant as premotor ablations for
this effect on skin temperature.
Because changes in skin temperature have been found with paralysis of
extremities, objection has been voiced that the low skin temperature is
merely a reflection of decreased blood flow to that extremity. This objection
seems well answered by the experimental data herein presented. Vast skin
temperature differences appear after ablations in the frontal and occipital
poles. These areas are certainly inert from the standpoint of producing
motor paralysis. Ablations in postcentral cortical areas result in difficulties
with fine acral movements; no true paralysis occurs, however. In this
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series, lesions in the postcentral region always yielded significant depres-
sions of skin temperature in the contralateral extremities.
The evidence of the experimental data seems to point to the conclusion
that the cerebral cortex is diffusely supplied with autonomic neurones. Such
an assumption does not provoke accepted theory too far. In the course of
evolution of the species, acral functions of extremities have become largely
encephalized. Acral autonomic control may have been simultaneously
corticalized.
The fact that ablations anywhere in the cortex affect skin temperatures
indicates that in the process of encephalization the autonomic nervous sys-
tem did not confine itself within definite bounds. This nervous system else-
where does not lend itself to anatomic pigeon-holing. It must follow this
same tendency in its distribution throughout the cerebral cortex. Perhaps
the major concentration of autonomic neurones is in the premotor, motor,
and parietal cortex, but ramifications extend to the frontal and occipital
poles. The data from this series of experiments predicate the following
postulate: In a given animal, the effect of a cortical ablation upon skin
temperature in the opposite extremity is dependent upon the amount of
cortical tissue removed.
REFERENCES
1. Hemingway, A., Rasmussen, T., Wikoff, H., and Rasmussen, A. T.: Effects of
heating hypothalamus of dogs by diathermy. J. Neurophysiol., 1940, 3, 329.
2. Kennard, Margaret A. and Kessler, M. M.: Studies of motor performance after
parietal ablations in monkeys. J. Neurophysiol., 1940, 3, 248-257.
3. Kennard, Margaret A.: Vasomotor disturbances resulting from cortical lesions.
Arch. Neurol. Psychiat. (Chicago), 1935, 33, 537-545.
4. Magoun, H. W., Harrison, F., Brobeck, J. R., and Ranson, S. W.: Activation of
heat loss mechanisms by local heating of the brain. J. Neurophysiol., 1938, 1,
101.
5. Strom, G.: Vasomotor responses to thermal and electrical stimulation of frontal
lobe and hypothalamus. Acta physiol. scand., 1950, suppl. 70, 20, 83.
362